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The discovery of novel structural and physical properties in the j4-site ordered manganite _RBaMn2 06 {R = Y 
and rare earth elements) has demanded new comprehension about perovskite manganese oxides. In the present 
study, the yl-site disordered form i?o.5Bao.5Mn03 was successfully synthesized and compared with _RBaMn206 in 
the structures and electromagnetic properties. TJo.sBao.sMnOa has a primitive cubic perovskite cell. Unexpectedly 
the magnetic glassy states are dominant as the ground state for 7?o.5Bao.5Mn03. A peculiar behavior, the steplike 
ultrasharp magnetization and resistivity change, has been observed in Pro.sBao.sMnOa. 



1. Introduction 

The magnetic and electrical properties of per- 
ovskite manganites with the general formula 
(i?^t^A^+)Mn03 {R = rare earth elements and 
A = Sr and Ca) have been extensively investi- 
gated for the last decade pp. Among the in- 
teresting features are the so-called colossal mag- 
netoresistance (CMR) and metal-insulator (MI) 
transition accompanied by charge/orbital order 
(CO). It is now widely accepted that these en- 
chanting phenomena are caused by the strong 
correlation/competition of multi-degrees of free- 
dom, that is, spin, charge, orbital and lattice, 
which could be significantly influenced by the A- 
site randomness. Recently we successfully synthe- 
sized the A-site ordered manganite it!BaMn206 
and reported its structure and electromagnetic 
properties. As schematically shown in Fig. the 
most significant structural feature of i?BaMn206 
is that the Mn02 square sublattice is sandwiched 
by two types of rock-salt layers, RO and BaO, 
with much different sizes and consequently the 
MnOg octahedron itself is distorted in a curi- 
ous manner, in contrast to the rigid MnOg for 
the A-site disordered manganite {Ri-xAx)Mn03. 
This means that the structural and physical 
properties of i?BaMn206 can be no longer ex- 



plained in terms of the basic structural distor- 
tion, the so-called tolerance factor /, as in the A- 
site disordered manganites iJo.sBao.sMnOs. Fig- 
ure 121 shows the electronic phase diagram of 
i?BaMn206 expressed as a function of the ratio 
of ionic radius of the ^-site cations, rji3+ /r-Qi^2+ 
[3]. Among possible combinations of i?/Ba, the 
mismatch between RO and BaO is the smallest 
in La/Ba and the largest in Y/Ba. When R'^^ 
is smaller than Sm'^^ in ion size, the CE-type 
charge/orbital ordered state (COI(CE)) with a 
new stacking variation along the c-axis is stabi- 
lized at the relatively high temperatures (Tco) 
far above 300 K, which would be not only due 
to the absence of A-site randomness but also due 
to the tilt of MnOe octahedra as well as heavy 
distortions of MnOe octahedron [2-5]. Especially 
i?BaMn206 (R = Tb, Dy, Ho and Y) shows the 
structural transition above TcOi which is possi- 
bly accompanied by the d.j;2_y2 type orbital order 
[2,3,5]. Therefore the orbital, charge and spin de- 
grees of freedom is separated in these compounds. 
On the other hand, i?BaMn206 {R — La, Pr and 
Nd) with relatively larger R^^ has no octahe- 
dral tilt and shows a transition from a paramag- 
netic metal (PM) to a ferromagnetic metal (FM). 
The ground states for Pr- and Nd-compounds 
are ^-type antiferromagnetic metal (AFM(A)). 
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In LaBaMn206, the antiferromagnetic CE-type 
charge and orbital ordered state (AFI(CE)) co- 
exists with FM as the ground state, which sug- 
gests that the electronic phase separation is not 
due to the A-site randomness but is intrinsic phe- 
nomenon for perovskite manganites. 
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Figure 1. (a) Crystal structure and (b) struc- 
tural concept of the A-site ordered manganite 
i?BaMn206. 



Such discovery of novel structural and phys- 
ical properties in the ^-site ordered mangan- 
ite i?BaMn206 has demanded new comprehen- 
sion about perovskite manganese oxides. How- 
ever the ^-site disordered form with the same 
constituent elements is crucial for such compre- 
hension, especially in order to study the effect 
of the ^-site randomness at least qualitatively. 
We successfully synthesized the A-site disordered 
form iJo.sBao.sMnOa. In this paper, we re- 
port the structure and electromagnetic properties 
of i^o.sBao.sMnOa, and compare i^o.sBao.sMnOs 
with both i?BaMn206 and i^o.s^o.sMnOa. 

2. Experimental 

Powder samples of i?o.5Bao.5Mn03 were pre- 
pared by a solid-state reaction of R2O3, BaCOs 
and MnOa at 1350 ° C in 1% 02/Ar gas, fol- 
lowed by annealing at 900 ° C in O2 gas for 1 day. 
Annealing of i?BaMn2 06 under O2 gas at high 
temperatures results in insufficient i?/Ba solid- 
solution. The obtained products were checked to 
be of single phase by X-ray diffraction. The de- 
gree of i?/Ba solid-solution at the A-site was care- 



Figure 2. Electronic phase diagram of 
i?BaMn206. 



fully checked by measuring the intensity of (OOi)p 
reflection indexed in the primitive cell. We con- 
cluded the perfect disorder or perfect solid solu- 
tion of i?/Ba only in the case of the absence of 
(OO^)p reflection. 

The crystal structures and cell parameters were 
determined by X-ray powder diffraction. The 
magnetic properties were studied using a SQUID 
magnetometer in a temperature range T = 2~400 
K. The electric resistivity of a sintered pellet was 
measured for T = 2~400 K by a conventional 
four-probe technique. 

3. Results and discussion 

The X-ray diffraction patterns of all _Ro.5Bao.5- 
MnOa can be indexed in the primitive cubic per- 
ovskite cell. This means no tilt of MnOe octahe- 
dra in contrast to the GdFeOa type distortion due 
to the tilt of MnOg octahedra in i?o.5^o.5Mn03. 
In general, the mismatch between the larger 
Mn02 and the smaller AO sublattices is relaxed 
by tilting MnOe octahedra, resulting in the lat- 
tice distortion from cubic to, mostly, orthorhom- 
bic GdFeOa-type structure. The degree of mis- 
match is described as the tolerance factor / = 
(<r^>+ro)/[\/2(rMn + ^'o)], where <rA>, rMn 
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and ro are (averaged) ionic radii for the respec- 
tive elements. In .Ro.sBao.sMnOs, the / is in the 
range from 1.026 (La/Ba) to 0.995 (Y/Ba), which 
are rather close to / = 1, comparing to the varia- 
tion 0.955 < / < 1 in iJo.s^o.sMnOs. The simple 
cubic structures for i^o.sBao.sMnOs can be un- 
derstood to be partly due to the / values close 
to 1. The lattice parameters of i?o.5Bao.5Mn03 
at room temperature are shown in Fig. |21 The 
lattice parameter decreases with decreasing ionic 
radius of 
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Figure 3. Lattice parameters of the A-site disor- 
dered manganite /Jo.sBao.sMnOa. 



From the cubic structures of fJo.sBao.sMnOa, 
one may expect FM generated by double ex- 
change interaction as the stable electronic state. 
The ground state of Lao.sBao.sMnOa is actually 
a pure FM and the TC decreases by 50 K com- 
pared with Tc = 330 K in LaBaMn206, agreeing 
with the previous report [1]. On the other hand, 
Pro.sBao.sMnOa and Ndp.sBao.sMnOa have mag- 
netic transitions at Tm — 160 K and 120 K, re- 
spectively, and show glassy behaviors evidenced 
by significant differences of magnetic susceptibil- 
ity (M/iJ)-teniperature (T) curves on zero-field 
cooled (ZFC) and field cooled (FC) processes, as 
shown in Fig. 01 More typical spin-glass behav- 
iors have been observed in i?o.5Bao.5Mn03 with 
Sm^+ and smaller i?^+s. The typical example 



of Yo.sBap.sMnOs is shown in Fig. together 
with MjB for YBaMniOg. YBaMnaOe shows 
three successive transitions; structural transition 
at Tt, CO transition at Tqq and antiferromag- 
netic transition at Tn. The magnetic interaction 
is ferromagnetic above Tt, while it is antiferro- 
magnetic below Tt. In Yo.sBao.sMnOs, on the 
other hand, there is no evidence for any tran- 
sition or no trace of the transitions observed in 
YBaMn2 06, except for the spin-glass transition 
at 30 K. The results are shown in Fig. Elas the 
phase diagram. Comparing with the phase di- 
agrams of i?o.5Bao.5Mn03 and i?BaMn206, the 
electronic states characteristic of perovskite man- 
ganites such as AFM(A) and COI(CE) are absent 
in i?o.5Bao.5Mn03. In stead of these states, mag- 
netic glassy states govern the electronic state of 
i?o.5Bao.5Mn03. 
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Figure 4. Temperature dependence of magnetic 
susceptibility for the j4-site ordered/disordered 
PrBaMn206/Pro.5Bao.5Mn03. 



The magnetic glassy state could be due to a dis- 
order effect that hinders the long-range magnetic 
ordering and could occur as a result of the com- 
petition between randomly distributed ferromag- 
netic and antiferromagnetic interactions. Here it 
should be emphasized that the glassy states has 
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Figure 5. Temperature dependence of magnetic 
susceptibility for the A-site ordered/disordered 
YBaMnaOe/Yo.sBao.sMnOg. 



Figure 6. Magnetic phase diagram of 
flo.sBao.sMnOs. 



never observed in ordinary i?o.5^o.5Mn03. Since 
the ionic radius of Ba^"*" is much larger than that 
of Sr2+ (= 1.44 A) and of course (< 1.36 
A) [9], i?o.5Bao.5Mn03 may include the spatial 
heterogeneity in nanometer size, which leads to 
the magnetic nonhomogeneous state. Only in 
the case of the largest La'^+ among R^^s, a ho- 
mogeneous solid-solution with Ba^+ is formed in 
the A-site of Lao.sBao.sMnOa as in the case of 
iJo.s^o.sMnOa, and the long range magnetic or- 
dering, FM, is realized. Here, it should be noticed 
that the magnetic state of i?o.5Bao.5Mn03 was 
significantly affected by the degree of the A-site 
disorder. The i?o.5Bao.5Mn03 {R — La, Pr and 
Nd) prepared from annealing i?BaMn206 has in- 
sufficient disorder of the A-sitc and shows the FM 
transition with monotonous decrease of Tq as La 
> Pr > Nd [13]. 

Very interestingly, a peculiar behavior has been 
observed in Pro.sBao.sMnOa at 2 K, as shown 
in Fig. 7. The resistivity decreases stepwise as 
the magnetic field increases, while the magneti- 
zation increases stepwise with the close relation 
to the resistivity behaviors. These behaviors are 
not reversible in the magnetic field. The step- 
wise behaviors in the magnetization and resistiv- 



ity were observed up to 4.9 K but they vanished 
dramatically at 5.0 K. Similar behaviors were pre- 
viously reported in Pro.sCao.sMnOa doped with 
a few percent of other cations such as Sc, Ga 
or Co on the Mn site and were explained by an 
impurity induced-disorder, with the coexistence 
of several short-range AFI(CE) phases and small 
FM regions [14,15]. Our system has neither FM- 
to- AFI(CE) transition nor dopant in contrast to 
Pro.sCao.sMnOs. This is the first observation of 
ultrasharp magnetization and resistivity change 
in the nondoped system. A model based on ordi- 
nal two-phase mixture cannot explain the behav- 
ior. For instance, the AFI(CE) phase in the co- 
existence with the FM phase is continuously con- 
verted to FM phase as observed in LaBaMn206- 
We have no explanation for such ultrasharp mag- 
netization and resistivity change at present. How- 
ever we would like to emphasize a close relation 
between the observed behavior and the special 
heterogeneity in nanometer size. Detailed study 
is now in progress. 

To summarize, we have investigated the 
structures and electromagnetic properties 
of the A-site ordered/disordered manganite 
i?BaMn206/i?o.5-Bao.5Mn03. The disordered 
form i?o.5Bao.5Mn03 has primitive cubic per- 
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Figure 7. Magnetic field dependences of magneti- 
zation and resistivity at 2K for Pro.sBao.sMnOs. 



ovskite cell with no tilt of MnOg octahedra. 
Unexpectedly the magnetic glassy states are 
dominant as the ground state for /^o.sBao.sMnOs. 
Since the ionic radius of Ba^+ is much larger than 
that of Sr2+ (= 1.44 A) [9], i?o.5Bao.5Mn03 may 
include the special heterogeneity in nanometer 
size, which leads to the magnetic nonhomoge- 
neous state. The magnetic glassy state could be 
due to a disorder effect that hinders the long- 
range magnetic ordering and could occur as a 
result of the competition between randomly dis- 
tributed ferromagnetic and antiferromagnetic 
interactions. As the remarkable phenomena of 
i?o.5Bao.5Mn03, the steplike ultrasharp magne- 
tization and resistivity changes have been ob- 
served in Pro.sBao.sMnOs. The authors thank 
H. Kageyama, T. Yamauchi, M. Isobe, Y. Mat- 
sushita, Z. Hiroi, H. Fukuyama and K. Ueda for 
valuable discussion. This work is partly sup- 
ported by Grants-in-Aid for Scientific Research 
(No. 407 and No. 758) and for Creative Scientific 
Research (No. 13NP0201) from the Ministry of 
Education, Culture, Sports, Science, and Tech- 



nology. 
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